The stable incidence of undescended nonpalpable testes and the ever-progressing utilization of laparoscopy has led to the commonplace utilization of laparoscopy in the diagnosis and treatment of these nonpalpable testes. The historical published literature is ambiguous with regard to recommendations regarding the use of laparoscopy in the setting of nonpalpable testes. As a result, this review is timely and necessary in that it is important for the practicing physician and surgeon to review and have available to them the current recommendations for the management of patients with nonpalpable testes.
Introduction
The use of laparoscopy in the management and treatment of nonpalpable testes (NPTs) has been controversial since its initial description by Cortesi et al. in 1976 [1] . Over the last 5 years there has been a push by pediatric surgeons and pediatric urologists to utilize laparoscopy in more of a primary role for establishing the diagnosis and location of the NPT. We reviewed the available English literature over this time frame, focusing on the recommendations of these reports to provide a cumulative diagnostic and treatment recommendation algorithm regarding the most current approach for the use of laparoscopy in the setting of NPTs.
Incidence and background
Cryptorchidism is identified in 1-2% of males by 1 year of age [2, 3] . Of these patients, approximately 20% will have NPTs. The historical approach to the NPT has been to attempt to identify the location of the testicle using radiologic studies. Subsequent to either identification or lack of visualization of a possible testicle, a groin exploration would be performed. If a viable testicle was encountered, a standard orchiopexy was performed. If a testicular remnant with associated testicular vessels and vas deferens were found, it was removed. Inability to identify a testicle or testicular vessels, however, resulted in an abdominal exploration to allow for appropriate therapeutic measures for an intra-abdominal testis. This approach to NPTs is frustrating to pediatric surgeons/ urologists and parents due to the fact that in most instances the operation is being approached without a preoperative diagnosis and/or treatment plan. Also, the morbidity of an abdominal exploration in the era of laparoscopy is seen as unacceptable from the standpoints of both recovery and cosmetic outcome by many surgeons. Proponents of laparoscopy stress these points, as well as the limitations of the currently available radiologic modalities in accurately diagnosing the presence/location of a testicle.
Radiologic evaluation
The current algorithm for searching for a NPT is to obtain an abdominal scrotal ultrasound, followed by MRI scan with or without gadolinium enhancement if the ultrasound is nondiagnostic. Unfortunately, the accuracy of diagnosing and/or localizing a NPT via MRI and ultrasound are equally poor, at 85 and 84%, respectively [4] . The most current report comparing the two approaches recommends that laparoscopy or inguinal exploration should be performed regardless of the presence or absence of a testis due to the fact that false negatives were identified in some patients with a nonpalpable testis [4] . These findings render radiographic imaging an unnecessary step in the evaluation of the NPT. In the infancy of laparoscopy, radiographic imaging held merit when compared with diagnostic laparoscopy, because laparoscopy added no therapeutic value. As the laparoscopic orchiopexy has become a standard operation in the hands of most pediatric surgeons/urologists, radiographic imaging only adds an unnecessary step in the evaluation of the NPT. When the testis is not identified, surgical exploration is warranted to validate the finding. Likewise, when the testis is identified, exploration is required for orchiopexy or orchiectomy. MRI and ultrasound are not only a drain on resources, regardless of the findings, they do not obviate the need for surgical exploration.
Laparoscopy as a diagnostic modality
There have been multiple reports regarding the efficacy and accuracy of laparoscopy in identifying and characterizing testicular morphology and location [5] [6] [7] [8] [9] [10] [11] [12] . From these studies, we can predict that when a testicle is present, the accuracy of identifying and locating it via laparoscopy is approximately 97%. Also, approximately 17-23% of patients with NPTs will have testicular agenesis or blind-ending vas deferens and vessels, implying vanishing testis syndrome [5] [6] [7] . Moore et al. [11] reported that in all cases of patients with NPTs the accuracy of identifying a testicle was 80%, or nearly 100% of those patients who have a testicle or testicular remnant (17-23% will have blind-ending vessels or agenesis), which is far superior to the accuracy of either ultrasound or MRI.
The identification of a testicle at laparoscopy is important, but the real diagnostic superiority that exists with laparoscopy for NPTs is its ability to accurately characterize the location and quality of the testicle, testicular vessels and vas deferens. Through the studies reviewed here, we can now counsel our families more accurately as to what they can expect when their son has a NPT.
There are various ways that reports have characterized testicular location, including at the pelvic brim, in the iliac fossa, in the retroperitoneum, high, low, at the internal ring (peeping), or by documenting the testicles' distance from the internal ring. For the purpose of this review, the location of the important testicular components identified at the time of laparoscopy will be broken down into four clinical scenarios: (1) high testicle with normal vas deferens and vessels, (2) low testicle with normal vas deferens and vessels (including ectopic testicles), (3) blind-ending intra-abdominal vas deferens and vessels, and (4) vas deferens and vessels entering the internal ring. Complete absence of the vas deferens and vessels is exceptionally rare and is the result of testicular agenesis. The diagnosis of testicular agenesis is one that is made only after extensive laparoscopic exploration of the retroperitoneum from the inferior pole of the kidney to the pelvis along the course of testicular descent, and will not be discussed further in this review [5, 6] . High testicular position generally implies that a primary orchiopexy is not feasible and that a Fowler-Stevens orchiopexy should be performed. A low-positioned testicle is amenable to primary orchiopexy with or without laparoscopic mobilization of the testicular vessels. Also, several findings such as contralateral testicular hypertrophy, or the absence of the right testis with a descended left testis, suggest the likelihood of testicular atrophy or agenesis, but are not reliable enough to preclude exploration.
The likelihood of finding the NPT in the location described by each of the four scenarios (Table 1) is remarkably consistent as reported by several authors [5] [6] [7] 13] . The ability to identify the location and/or quality of the testicle is a valuable asset that laparoscopy brings to the diagnosis of the NPT. Once identified, the surgeon can determine the optimum therapeutic plan based on the findings during laparoscopy, and in the setting of minimally invasive surgery can effect that treatment via the laparoscopic approach.
Laparoscopy as a treatment modality
The operative intervention undertaken for the NPT after diagnostic laparoscopy is outlined in Table 2 .
For the most common laparoscopic finding, the scenario in which vas deferens and vessels are visualized entering 350 Surgery Table 1 The range of incidence of testicular findings on diagnostic laparoscopy
Laparoscopic finding Incidence
Normal vas deferens/vessels entering the internal ring 40-50% Low-lying testicle 20-30% High-lying testicle 10-15% Blind-ending vas deferens and vessels 20-25% No further intervention the internal ring (Fig. 1) , a standard ipsilateral groin exploration should be performed to look for a testicle or testicular remnant. Opponents of laparoscopy argue that this is the population that receives no direct benefit from exploratory laparoscopy, and this may indeed be the case. It is clear, however, that the diagnostic advantages for laparoscopy outlined above outweigh the risk associated with approaching the groin blindly without a firm understanding of testicular position and quality. The morbidity of a 5 mm umbilical incision for laparoscopic evaluation is minimal compared with an unnecessary groin exploration in the 40-50% of patients who would otherwise have not needed a groin exploration.
When necessary, groin exploration will yield either a viable testicle or a testicular remnant/atrophy. When a viable testicle is identified, a standard inguinal orchiopexy can be performed. Orchiectomy should be undertaken in the situation where an atrophic testicular remnant is encountered. It has been suggested that if the vas deferens and/or vessels are considered hypoplastic and exiting an internal ring that is completely closed without evidence of a patent processus, the groin exploration can be forgone [6, 14, 15] . Based on the available literature documenting the risk of malignant degeneration in the remnant structure [7, 13, [16] [17] [18] , however, a groin exploration should be undertaken and remnant orchiectomy should be performed.
In case of the second most common clinical scenario, the identification of a low-lying testicle during laparoscopic evaluation (Fig. 2) , primary orchiopexy should be performed. This scenario supports the advantage of laparoscopy, in that the surgeon can assess the position and mobility of the testicle. If necessary, testicular vessel mobilization can be performed. The mobility of the testis and length of the testicular vessels can be assessed in various ways, including pushing the testicle down a patent canal and pulling the testicle to the opposite ring. In general, if the testicle will reach to the contralateral internal ring easily, it will be able to be placed in the scrotum without difficulty. The results of primary laparoscopic orchiopexy for low-lying intra-abdominal testis are very good and one should expect a success rate of 85-95%. This technique is superior to open one-stage orchiopexy, in which success rates are 75-85% [8, 19] .
For the high-positioned testicle (Fig. 3) , two surgical possibilities should be considered, based on institutional experience. For most institutions, a Fowler-Stevens orchiopexy should be performed. The testicular vessels should be ligated, and the testicle brought into the scrotum at the same setting or in a staged fashion some 3-6 months later. The testicular blood supply is based on a wide patch of peritoneum arising from the medial aspect of the pelvic brim and pelvis. Both operations can be performed laparoscopically and the expected success rates approach 90% [8] . If the surgeon is practicing in an institution where testicular autotransplantation is routinely performed, then this approach is a viable option, and is reported to result in similar success rates [20] .
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Figure 1 A normal-appearing internal inguinal ring is shown
The vas deferens and testicular vessels are visualized exiting the abdomen through a closed internal ring. Figure 2 A low-lying (or peeping) testicle that is located at the level of the internal ring and sits within or very near the entrance to the patent processus vaginalis
The final scenario is the most straightforward and is the clinical situation in which laparoscopy provides the most significant advantage. The identification of blind-ending vas deferens and testicular vessels (Fig. 4) 
Conclusion
Although the historical reports for the management of NPTs have emphasized the effectiveness and success of open techniques, the more recent data are overwhelming centered on laparoscopy as a means for improving diagnostic ability and effecting treatment options. This review highlights the most recent reports, which strengthen the basis on which the utilization of laparoscopy in this setting has progressed, and appears to be the gold standard. A prospective randomized controlled trial would provide the surgeons and physicians caring for the child with NPTs with statistically sound scientific data upon which to base optimal management; however, until that can be accomplished the data to date support laparoscopy in patients with NPTs. Finally, perhaps a more intriguing question is whether or not a two-stage operation is superior to a one-stage procedure in the setting of a high NPT, which again could be addressed effectively with a prospective randomized control trial. Note that the vas deferens and testicular vessels are present, but the internal ring is closed with no testicular structures passing through the ring.
